heat, exposure time, clothes, working intensity, gender, and age 4) , workers' subjective feelings are viewed as an important evaluation item regarding thermal strain under working conditions 9, 10) . People's subjective feelings about thermal strain have been reported using certain subjective assessments in some industries excluding food services 9, 11, 12) . Since 1995, subjective judgment scales have been proposed by the International Organization for Standardization (ISO 10551) 13) .
On the other hand, kitchen work has been reported to involve a marked workload and hazards to health [14] [15] [16] [17] 27) . With regard to the environment, kitchens showed a higher ambient temperature as one of the typical workplaces of hot indoor environments in previous studies 10, 17, 18) . In recent years, environmental improvements due to the introduction of electric instead of gas kitchens have also been reported in the food service industry 19) . To the best of our knowledge, no study has been conducted to evaluate thermal strain using subjective judgment scales in kitchen work. Herein, we hypothesized that a difference in thermal strain between 2 types of kitchen would be an independent factor of subjective thermal strain confounded by factors such as personal, work-related, and other environmental factors.
The purpose of the present study was to elucidate the thermal strain loaded on kitchen workers in the actual gas or electric kitchens using subjective judgment scales in different kitchen environments.
Method

Study design, subjects, and survey
A cross-sectional study design and field measurements were used. The subjects were 991 workers recruited from 126 kitchen facilities in 103 primary schools (81.7%), 17 hospitals (13.5%), and 6 restaurants (4.8%) in central Japan. The first questionnaire survey was conducted involving all workers of the 126 kitchens in August to November 2006. This self-reporting questionnaire survey assessed workers' gender, age, height, weight, and workrelated factors such as years of employment, working hours, working system, shift, and type of main job. The body mass index (BMI) was calculated as the body weight (kg) divided by the square of the height (m 2 ). With regard to subjective thermal strain, based on ISO 10551 (1995) 13) , assessment of the thermal environment using subjective judgment scales (SJS) was employed to estimate the thermal strain of the working environment in the kitchen. The magnitude of thermal strain was evaluated by classifying the SJS into seven scales: "very cold", "cold", "slightly cold", "neutral", "slightly hot", "hot", and "very hot", represented by "-3", "-2", "-1", "0", "+1", "+2", and "+3" of the visual analogue scale, respectively. In this study, some cells of "very cold" and "cold" were 0%, so we combined "very cold", "cold", and "slightly cold" into one level. The second questionnaire survey was applied to investigate kitchen environmental factors such as the area and ceiling height of the kitchen, presence/absence of an exhaust hood, ventilation fan, and air conditioner, type of floor condition, and output per day (meals/day) for administrators of the 126 kitchen facilities. All data were collected using an anonymous mailed questionnaire.
Environmental measurement
Of the 126 kitchens facilities, measurements of environmental conditions were conducted in 5 electric and 5 gas kitchens. These field measurements were carried out from August 26 to November 11 in Tokyo, Tochigi, and Saitama located in the east area of Japan. The ambient dry-bulb temperature (Ta, ˚C), relative humidity (RH, %), air-flow velocities (Va, m/s), and globe temperature (Tg, C) surrounding the main heating appliances such as the kettle, oven, and stove were digitally recorded once every minute using portable predicted mean vote (PMV) meters (AM-101, Kyoto Electronics Manufacturing Co., Ltd., Kyoto, Japan) positioned at height of 140 cm from the floor and approximately 20-30 cm away from the heating appliances (Fig. 1) . In this study, according to ISO 7726 and 7243 8, 13) , the mean radiant temperature (MRT, C) and wet bulb globe temperature (WBGT, ˚C) index values were calculated using the following equations: MRT = (Tg + 273) 4 In the above equation, Tg denotes the globe temperature; Ta, ambient dry-bulb temperature; Va, air-flow velocity; εg, D, diameter of globe. WBGT = 0.7 Tw + 0.3 Ta In the above equation, Tw denotes the natural wet-bulb temperature. In this study, it was not measured directly but was estimated from Ta and RH.
Of the 10 kitchens, 11 workers in electric kitchens and 13 workers in gas kitchens were assessed regarding the thermal condition they were subjected to. The ambient temperature (˚C) was digitally recorded once every 30 s using Thermo Recorders (TR-52, T&D Co., Ltd., Nagano, Japan) fixed to the right shoulders of the workers whose height range from 168 cm to 183 cm (Fig. 2) .
This study was approved by the Ethics Committee of Dokkyo Medical University. All subjects were fully informed of the purpose of the study, and then gave written informed consent.
Statistical analysis
The variables of the survey were re-categorized as follows: age (<35/35-55/55≤yr), BMI (<25/25≤kg/m 2 ), years of employment (<3/3≤yr), working hours (<8/8/8≤h), working system (regular/part-time), shift (day shift/split shift/other), type of main job (cooking/washing up/other), production level (<750/750≤meals per day), size of kitchen (<200/200≤m 2 ), ceiling height (<3/3≤m), exhaust hood (yes/no), fan or air conditioner (yes/no), and type of floor condition (wet/semi-dry/dry). The χ 2 test and MannWhitney U test were used, as appropriate, to compare SJS, personal characteristics, work-related, and kitchen environmental factors, MRT, WBGT, and the ambient temperature between the electric and gas kitchens.
To analyze the association between SJS and each factor, the subjective judgment scale was divided into two levels: a high level of subjective thermal strain (from +2 to +3), and low level of subjective thermal strain (from -3 to +1). Simple logistic regression (independent variable=the levels of SJS, dependent variables=personal characteristics or job-related or kitchen environmental factors) were used. To analyze the association of the levels of SJS with the type of kitchen allowing for significant confounding factors obtained through simple logistic regression, Model 1 was adjusted for age, Model 2 involved work-related factors such as years of employment, working hours, working system, and type of main job. Model 3 involved kitchen-based environmental factors such as the size of the kitchen, ceiling height, exhaust, type of floor condition, and type of kitchen, and Model 4 was adjusted for all factors by multiple logistic regression models.
Values of p<0.05 were considered significant with the two-sided test. The SPSS 16.0J package (SPSS Inc., Tokyo, Japan) for Windows was used for all statistical analyses.
Results
Of the 991 kitchen workers, 809 workers (179 males and 630 females) responded, giving a response rate of 81.6%. The mean age was 37.5 (SD 12.4) for males and 42.4 (SD 11.4) for females. Among the 809 responders, the workers with missing values, expressed as a percentage, were as follows: weight (1.2%), years of employment (6.1%), working hours (2.1%), working system (2.5%), shift (2.5%), production level (5.1%), exhaust hood (12.4%), fan (4.3%), air conditioner (4.1%), and type of floor condition (4.1%). Figure 3 shows the ambient temperature (a), MRT, and WBGT index (b-d) as the mean (standard deviation). The mean ambient temperature (a) surrounding cooks in gas kitchens was significantly higher than that in electric kitchens; 29. Compared with electric kitchens, the environments of the worker in gas kitchens were smaller, had a lower ceiling height, and a wetter floor condition ( Table 1) . Table 2 summarizes the difference between the two types of kitchen. The percentages of male workers, those working less than 3 yr, and part-time workers in the gas kitchens were lower than those in electric kitchens. The percentages of those who were 55 yr old or over, working 8 h per day, and cooking in the gas kitchens were higher than those in the electric kitchens. Figure 4 shows that kitchen workers experienced a significant difference in SJS between electric and gas kitchens by gender. The proportion of workers who perceived the room temperature as higher SJS (from hot to very hot) was significantly higher in gas than in the electric kitchens among males (52.1% vs. 11.8%, respectively) and females (63.5% vs. 12.1%, respectively).
Environmental conditions of electric and gas kitchens
Characteristics of subjects and facilities in electric and gas kitchens
SJS of subjects between electric and gas kitchens
Association of SJS with each factor
The association of SJS with personal, work-related, and kitchen-based environmental factors is shown in Table 3 . A high SJS was associated with age (≥55 yr), years of employment (≥3 yr), working hours (8 h), regular occupation, cooking job, a smaller size of kitchen (<200 m 2 ), and no exhaust hood for females, hospital and restaurant kitchen for males, and a lower ceiling height (<3 m), semi-wet and wet floor condition, and gas kitchen for males and females. Table 4 shows the odds ratio (OR) and 95% confidence interval (CI) in models. Model 1 was adjusted for age. Compared with the electric kitchens, workers in gas kitchens had a higher level of SJS (total OR, 11. 
Association of SJS with types of kitchen
Discussion
To the best of our knowledge, this is the first study to evaluate the subjective judgment scales of ISO (10511) in kitchen work, and we found that the subjective judgment scales revealed significant variations difference between different heat sources in the kitchen; the SJS level in the gas kitchen was significantly higher than that in the electric kitchen. The multiple logistic regression models suggest that a hot kitchen environment would be likely to be an independent factor with many confounding factors under real-life working conditions. Compared with electric kitchens, workers in gas kitchens showed a more than fivefold higher SJS in males, and more than tenfold higher SJS in females.
These results are supported by the following. First, Ito 10, 17) reported a higher Ta in gas kitchens, and Koda 20) reported that Ta surrounding a kettle can be raised to 33˚C. In the present study, the measured ambient temperature value in the gas kitchen was 29.6˚C, and the WBGT index and MRT surrounding the kettle were 24.6˚C and 36.4˚C, respectively, consistent with previous studies. In our experimental trial 21) , the gas stove showed many changes in Ta, Tg, the radiant heat index (a difference between ambient dry-bulb temperature and globe temperature), and WBGT index after 30-min heating compared with the inducting heating (IH) stove with high energy efficiency; and the radiant heat index (a difference of 1.5-10.6˚C) and WBGT index (a difference of 0.5-3.5˚C) were higher with gas compared to IH appliances. In the actual kitchens in the present study, we measured a higher MRT (a difference of 5.5-11.6˚C) and WBGT index (a difference of 2.6-5.8˚C) in front of the gas kettle, oven, and stove in gas kitchens compared with the same type of IH appliances in electric kitchens, and the cooks in the gas kitchens felt a higher ambient temperature (a difference of 3.9˚C) during cooking compared with those in the electric kitchens. To avoid the impacts of outdoor air temperature in the middle of summer, the present study was conducted starting from the end of August. The outdoor air temperature was at 17˚C to 30˚C excluding one day at 33˚C (data not shown). According to exposure to different heat sources, thermal strains in gas kitchens is greater than in electric kitchens. Therefore, this hot environment may have a major impact on the level of SJS of workers. Secondly, as previously reported, 60% of the workers felt hot and very hot at 25 to 29˚C, and 30% felt these at 21 to 27˚C of Ta in offices 11) . Yoshino 9) reported an association between heat strains (20 to 35˚C) and thermal sensitivity in an experimental trial. We also observed that the percentage of subjects who felt "considerably hot" in their abdomen and hands was higher for those using gas stoves than IH stoves 21) . Although different subjective judgment scales were used in previous studies, these reported results were consistent with our findings. The level of SJS showed that the subjective feelings of workers might represent the magnitude of thermal strain in the environment.
Thirdly, although we found that the different heat sources in the kitchen were associated with the level of SJS, other factors such as age, period of employment, working hours, shift, cooking work, and size of the kitchen for females, and the type of floor condition, ceiling height, and type of kitchen for males and females were also associated with the SJS in single logistic regression analysis. To examine these confounding factors, we used multiple logistic regression models to analyze the association of SJS with the type of kitchen. Consequently, workers in gas kitchens had a more than sevenfold higher SJS compared with those in the electric kitchens after adjustments for age, BMI, work-related, and environmental factors. Heat loads derived from IH were lower than from gas equipment after mock cooking in some experimental trials [21] [22] [23] . Then, the gas kitchen as a hot environment would be considered an independent factor, although the level of SJS was confounded by personal, work-related, and environmental factors. Thus, the levels of SJS would be likely to represent the severity of hot environments.
In the present study, compared with electric kitchens, female workers in gas kitchens experienced twofold higher SJS than males. Previous studies 24, 25) showed that women had lower levels of perspiration and heat tolerance, and a higher heart rate and rectal and skin temperatures than males, particularly when physical work was required, and elderly persons also showed the same results 24, 26) . In the present study, both males and females were exposed to the same work load and heat stress in the kitchen working environment, and there were more females than males over the age of 55 yr. Our study showed the females workers had a higher odds ratio of SJS in gas kitchens (Table 4) . Therefore, much of the difference in SJS would be estimated to relate to elderly women's relatively low level of physical fitness and lack of heat acclimatization. As a result, females responded to a higher SJS compared to males in the present study.
The strength of this study was that the sample size was large, and there was a high response rate (81%). The level of subjective thermal strain was measured using the subjective judgment scales of ISO (10511). In additions, environmental conditions were measured in 10 facilities including school, hospital, and restaurant kitchens, where different magnitudes of heat strains generated by gas and electric kitchens were identified by the MRT and WBGT index. Therefore, subjective judgment scales are considered to show a higher internal validity in the evaluation of heat strains. So the finding of the present study indicates that the subjective judgment scales of ISO 10511 is a simple evaluation tool for environmental conditions without using a measuring device, and can represent environmental sensation from cold to hot with 7 scales. Therefore, it should be regarded as a feasible one for assessing the heat working environment.
There are several limitations in this study. The horizontal diffusion of steam or soot produced in the course of cooking is reported to be faster in the IH stove than in the gas stove 28, 29) , and such factors were not examined in this study. So we cannot simply conclude from the results of this study that IH stove is better than gas stove. With regard to external validity of this study, there are also several limitations, so we should be careful in generalizing the result of this study. First, the 126 kitchen facilities were not selected by random sampling, and 80% of the facilities of were school kitchen. Second, 77.9% of kitchen workers were female; therefore, sampling bias might have affected the results. However, all workers in these kitchens were recruited as subjects; there were no differences in the percentage of subjects among types of kitchen between electric and gas kitchens. Considering the influence of gender, analyses were conducted separately by gender. Excluding some confounding factors, there was a tendency regarding SJS between males and females. Third, worker's metabolic rate and clothing they wear both of which influence SJS are not examined in this study.
In conclusion, according to exposure to different heat sources, subjective thermal strain seemed to be an effective method to evaluate hot environments, corresponding to the results of environmental measurements. Although subjective evaluation is related to some confounding factors, our results suggest that workers in gas kitchens were subjected to a higher thermal strain than those in electric kitchens. 
